Since 1 January 2020 all world transport, according to the decision of the International Maritime Organization, transfers to the low-sulfur fuel (no more than 0.5% of mass S-compounds in marine fuel
Introduction
Nowadays, the role of Industrial Ecology which specializes in the degree of harm assessment caused by the industrialization and the intensive growth in mankind's requirements is considerably increasing. Undoubtedly, transport is known as the main factor of air pollution [1] - [2] . In Cosmopolitan cities the contribution of air pollution caused by transport reaches 85-90%. Over the past 50 years the World Merchant Fleet has been increased more than in 25 times. Moreover, the role of maritime, railway and air transport has been highly intensified. Although the impact of air and maritime transport on the environmental pollution and the increase in "greenhouse effect" is considerably high (currently it is more than 10%) and has a growing tendency, marine and air transport industries have not been included into Outcomes of 2015 United Nations Climate Change Conference, Le Bourget in the suburbs of Paris, France.
The exhaust gases of ship power plants (further the EG SPP) are consisted of more than 200 harmful toxic components which are carcinogenic, mutagenic, irritating and poisonous by their nature, relate to the I-IV classes of dangerous impact on human health. Furthermore, besides chemical pollution, the EG SPP possess high enthalpy that leads to the thermal pollution of air basin. According to the all mentioned factors, from the Ecology safety and Environmental Protection perspective the concern of the safe EG SPP neutralization and purification remains relevant and highly-significant [3] .
In order to reduce the "pressure" of man-made systems on the environment and the biosphere, recently engineering and technical means of environmental protection are being developed and improved.
The scientific basis for the creation of closed, low-waste, resource-saving and waste-free technological processes are evolving.
In the research [4] the requirements of the International Normative Legal Acts to the permissible level of toxicity of exhaust gases of car engines (the EG CE) and the EG SPP are analyzed and generalized. As a result, it is established that the requirements to the level of toxicity of the EG CE are much 'striker' in comparison with the requirements to the level of toxicity of the EG SPP. However, these differences in the requirements for the level of toxicity of the EG CE and the EG SPP are particularly paradoxical against the fact, that the macro-composition, the physiological effects on humans and the biosphere, as well as their impact on the quality of the environment are resulted equally both by the EG SPP and the EG CE. These emissions, regardless of their origin, are almost congruent and in both cases are very dangerous.
In the research [5] to reduce the emission of 'greenhouse' gas components from ships, operating in seaport areas and populated areas adjacent to the ports, up to 2030, three scenarios for environmental protection are suggested, namely:
1. Development and application of alternative marine fuels. 2. Development of new designs of ships and ship power plants. 3 . Analysis and development of new technical solutions, and as a result, their implementation. In order to reduce the EG SPP content of harmful components to the maximum permissible standards, particularly to EURO-VI requirements [6], the following methods of the EG SPP purification are used:
1. Physical: -low temperature condensation; -membrane separation. 2. Physicochemical: -absorption; -adsorption; -high temperature -thermal oxidation, pyrolysis; -chemical -conversion, destruction; -catalytic. 3. Biological: -biochemical oxidation by microorganisms, anaerobic decomposition. 4. Combined. This research work includes: -the development of a simple, unified method of catalytic activity of catalysts determination; -the study of catalytic activity of oxidation catalysts; -the development of the catalyst preparation technology for the EG SPP neutralization without expensive precious metals or their compounds in its structure.
Catalytic reactions can be divided into three classes: 1. Catalytic oxidation. 2. Catalytic reduction. 3. Catalytic conjugated chemical reactions.
In this research work the cluster of catalytic oxidation of the harmful, toxic compounds which contain in the EG SPP is investigated.
The catalytic oxidation reaction can be divided into two subclasses: 1. Incomplete catalytic oxidation.
Complete catalytic oxidation.
For instance, any carbon-containing organic compounds may be subjected to catalytic oxidation according to two routes (subclasses) according to the following equations: where Z m -can include hydrogen, oxygen, nitrogen, sulphur, chlorine, etc. On the one hand, the second subclass -complete catalytic oxidation -equation (2) is more profitable from the perspective of energy, sanitary and environmental constituent parts. Moreover, the heat generated while the complete catalytic oxidation is more (Q 1 +Q 2 ) than the heat generated while the incomplete catalytic oxidation (Q 1 ) by the amount of Q 2 heat. On the other hand, carbon monoxide is a toxic compound while carbon dioxide is a neutral compound.
Due to the wide range of harmful toxic substances contained in the EG SPP studying the catalytic activity of catalysis for each of them individually is definitely a very time-consuming and costly procedure.
Methods and materials
Based on the theoretical assumptions and practical results, the carbon monoxide is suggested by us as the main organic, carbonaceous substance for the catalytic activity of oxidation catalysts study. Moreover, carbon monoxide has the only one route of catalytic oxidation -complete catalytic oxidation subclass -with only carbon dioxide formation.
The experiments were conducted on the two oxide catalysts: C 1 and C 2 in Boreskov Institute of Catalysis as part of Siberian Branch of the Russian Academy of Sciences, fraction 1 1 mm (table 1) . The study of the activity of the catalyst was carried out in running unit (reactor of ideal displacement) with a fixed catalyst.
The temperature was controlled by thermocouple. The temperature measurement was ranging between 20-450 ˚C. The carbon monoxide content analysis was carried out by using the detector of the gas chromatograph at the inlet in the reactor apparatus and at the output from it. The CO concentration measurements were taken at least three times. The average value was considered as the measurement result. Laboratory installation has a block-modular design and consists of five main parts: 1. The carbon monoxide receiving system. 2. The preparation and batching of initial reaction mixture system (a mixture of carbon monoxide and air).
3. The reactor unit. 4. The cooling gas system. 5. The system of condensation and separation -liquid phase -water and gaseous mixture -carbon monoxide, carbon dioxide, nitrogen and oxygen.
The carbon monoxide used in the experiment was received as a result of formic acid decomposition in the presence of a catalyst -Sulphur acid, at a temperature of 75-100 ˚C according to the following reaction:
where l, v, and g are liquid, vapor and gas phases respectively.
Results
Study of the catalyst activity in the carbon monoxide oxidation was carried out under the following circumstances:
-the catalyst grain was 1×1 mm; -volumetric flow of the reaction mixture was 9 and 11 cm 3 /s; -the carbon monoxide content in the air was 123 mg/m 3 ; -the excessive pressure in the reactor was 1000 mm Hg. To study the catalytic activity, the catalyst sample was heated in a stream of air to a predetermined temperature beforehand, and then instead of air in the reaction mixture (a mixture of carbon monoxide and air) it was dosed out.
In the testing process we determined the degree of conversion of carbon monoxide (X, %) and the chemical reaction rate constant (K, mm 3 /s×mg). The catalytic activity of the carbon monoxide oxidation on the catalyst C 1 was studied at the gas mixture flow of 9 and 11 cm The mass of catalyst which was loaded in the reactor was 90 mg, size of investigated catalyst fractions was 1×1 mm.
The degree of carbon monoxide conversion was changed from 17% to 72%. The results are shown in a table 2 and table 3 . The catalytic activity of the carbon monoxide oxidation on the catalyst C 2 was studied at the gas mixture flow of 9 and 11 cm 3 /s, at the temperature range 150-250 ˚C with the initial carbon monoxide concentration of 123 mg/m 3 . The loaded in the reactor catalyst mass was 1700 mg, size of investigated catalyst fractions was 1×1 mm.
The degree of carbon monoxide conversion was changed from 28% to 82%. The results are shown in table 4 and 5. According to the study of the carbon monoxide oxidation on the C 1 and C 2 catalysts following points should be mentioned:
1. The oxidation of carbon monoxide on the C 1 and C 2 catalyst has a clear dependence. The temperature growth increases the CO degree of conversion; the rate constant of chemical oxidation in the reactor increases as well.
2. The C 1 catalyst is the most active one, because at equal temperatures the rate constant of a chemical reaction in the presence of C 1 catalyst was more, than on the C 2 catalyst.
3. The work on the C 1 catalyst allows to save catalyst mass which is loaded in the reactor, meanwhile operations under the same conditions on the C 2 catalyst require the 19 times more catalyst mass loaded in than the used on the C 1 catalyst.
Thus, based on the performed studies, the catalyst C 1 is recommended by us for catalytic purification of the EG SPP from all toxic components.
Discussion
Based on the conducted research, it can be assumed that the suggested method allows taking measurements of the catalytic activity of different catalysts which are used in the heterogeneous catalytic oxidation of carbonaceous compound processes with acceptable accuracy. The error in the catalytic activity of the catalysts determination does not exceed more than 5% relative.
Therefore, studies on the catalytic activity of carbonaceous compound "C n Z m " oxidation catalysts, for instance, the study of carbon monoxide oxidation, allow us to determine the most effective oxidation catalyst fast and cost-effectively.
The activity of the catalyst should be determined for specifically selected carbonaceous, toxic substances with the aim of increasing the reliability of the selected catalyst, namely:
At the point of the optimal temperature which is obtained as a result of the carbon monoxide oxidation on the selected catalyst.
At the point of the real oxygen concentration in the EG SPP. It is advisable to specify the technological parameters which are obtained during the carbon monoxide oxidation on the selected catalyst.
In the developed European Union countries for exhaust gases neutralization and purification from toxic compounds which are produced by power plants and, particularly by cars, the expensive catalysts based on platinum, rhodium, rare earth elements and its compounds are used [4] .
The purpose of the exhaust gases neutralization and purification from toxic compounds which are produced by power plants is to be in compliance with the health standards which are established by EURO-VI requirements to limit the level of toxicity of exhaust gases.
In the research [7] the catalysts for the carbon monoxide oxidation to carbon dioxide which contain expensive precious metals such as platinum, europium, cerium, titanium were obtained by the extractionpyrolytic method. The active CO to CO 2 oxidation catalysts were obtained, particularly such catalytic systems as Pt + CeO x + Eu 2 O 3 /γ -Al 2 O 3 , Eu 2 O 3 /SiO 2 , Pt/SiO 2 and Pt/TiO 2 /Ti. The Pt/TiO 2 /Ti system was obtained by combination of plasma-electrolytic oxidation and extraction-pyrolytic methods.
In the research [8] the catalysts which are based on expensive materials such as Pd, Pt, Rh, La, Ce/γ -Al 2 O 3 in the three-way neutralization reaction: (1) carbon monoxide -(2) hydrocarbons -(3) nitrogen oxides were analyzed. It must be noted, that simultaneous neutralization of all three compounds is not possible, because the carbon monoxide and hydrocarbons are neutralized by the catalytic oxidation reactions, whereas nitrogen oxides are neutralized by the catalytic reduction reactions. As far as we are concerned, various catalysts which are separated in time and space, placed in different reactor apparatus should be implemented for these neutralization processes.
In the research [9] the issue which relates to the hydrogen usage, namely its production, storage and transportation was analysed. The most common and widely-spread technologies of hydrogen production are considered, such as the hydrogen production in the process of a steam catalytic conversion and water electrolysis which require the usage of expensive catalysts based on platinum.
In the research [10] the technology of the precious metals extraction (the platinum, palladium, rhodium extraction) from the spent catalysts of EG SPP neutralization is suggested by means of manifold smelting in plasma-arc furnace with the use of self-generated steel manifold.
We have conducted a scientific-research work which was directed on expensive, precious, and scarce metals replacement in production of exhaust gases neutralization catalysts.
We have conditionally divided the technology of catalysts preparation into three modules according to the principle of the feedstock usage, namely:
1. The present technologies with the use of precious metals. 2. The classical technologies without the use of precious metals. 3. New integrated technologies without the use of precious metals. The catalyst samples were prepared according to three modules and were tested on the flow type installation of ideal displacement in comparable conditions through the above mentioned method. Carbon monoxide was used as the initial toxic substance.
The most active catalysts were selected from the second and the third modules and were further compared with the first module catalysts.
As a result, the most active catalysts of the second and the third modules were identified which are not inferior to the first module catalysts in the comparable experiment conditions. The resource-conserving technology of catalyst preparation based on cheap materials, without expensive precious metals in their structure has been developed by us based on the third module catalyst formula. The scheme of this technology is shown on the figure 1.
The developed by us technology includes the following stages: 1. The preparation of reaction systems (positions 1-15) . 2. The conversion of the reaction systems in the reactor apparatus -device mixer (positions 19-22, 25, 26) . 3. The reactions precipitate dehydration, followed by drying and calcining (positions 24, 27, 28). 4. The tabletting and / or granulation of the catalyst (position 29). In the research [4] the complex technology of the warmth utilization from the EG SPP was suggested with the further exhaust gases treatment / neutralization from toxic compounds. The layout for the apparatus and the pipe manifold assembly installation which will utilize the excess heat and purify / neutralize the EG SPP in the engine department of the real ship OXL "Samurai" has been developed [11] .
The financial support for the creation of an integrated installation is not significant. Moreover, the payback period of financial cost will take three years. The catalytic reactor apparatus of the toxic compounds oxidation which are contained in the EG SPP with the tube assemblies requires less space and the payback period of financial cost will take less than three years. Meanwhile, the passport-mode of ship power plant operation is not contravened in normal exploitation conditions and during forced modes of manoeuvring the vessel.
Conclusion
The simple method of testing catalysts on the catalytic activity in the heterogeneous catalytic oxidation reactions of one-carbon compounds is suggested.
The correlation between the catalytic carbon monoxide oxidation and organic one-carbon compounds in catalytic oxidation reactions is established.
The analysis and generalization of scientific and technical publications in the field of the catalysts of the EG SPP neutralization, particularly the analysis of catalytic systems which contain expensive, precious metals in their structure are held.
The tests of the catalysts of the EG SPP neutralization which contain expensive, precious metals in their structure and which excludes expensive, precious metals in their structure under comparable experimental conditions are conducted. It is determined that catalytic activity of catalysts is almost comparable within the inaccuracy of experiments.
The resource-conserving technology of catalyst preparation based on cheap materials, without expensive precious metals in their structure has been suggested.
The layout for the apparatus and the pipe manifold assembly installation which will utilize the excess heat and purify / neutralize the EG SPP in the engine room of the real ship OXL "Samurai" has been developed.
The financial support for the creation of an integrated installation is not insignificant. Moreover, the payback period of financial cost will take three years.
